In this paper, we use interval-valued fuzzy numbers to fuzzify the crisp linear programming to three cases. The first case, we use intervalvalued fuzzy numbers to fuzzify the coefficients in the objective function. We get a linear programming in the fuzzy sense. The second case, we use interval-valued fuzzy numbers to fuzzify the coefficients a kj in the constraints about x j , j = 1, 2, · · ·, n and the constants b k , k = 1, 2, · · ·, m. We also get a linear programming in the fuzzy sense. The third case, we combine the first and the second cases.
Introduction
In paper [1, 6, 8] , they use fuzzy number to fuzzify the crisp linear programming. They do not use interval-valued fuzzy numbers to fuzzify. In [1] , for crisp linear programming, the constraints equations are a kj x j b k , k = 1, 2, · · · , m. They reduce it to linear programming in the fuzzy sense. They do not use interval-valued fuzzy numbers to discuss. In this paper, we use interval-valued fuzzy numbers to consider this problem. In §2, we discuss interval-valued fuzzy numbers and their ranking which will be used in §3, 4. In §3, for crisp linear programming under constraints is as following: c j x j . In monopoly market, the price c j , j = 1, 2, · · · , n can be determined by the factory. If a kj , b k , j = 1, 2, · · · , n, k = 1, 2, · · · , m do not vary in the plan period T , but c j in the plan period T for a perfect competitive market may fluctuate a little, we need to fuzzify c j to c j . In this plan period T , the grade of membership is not necessary equal to 1. We suppose that the grade of membership lies in the interval [λ, 1], 0 < λ < 1. We set c j to be level (λ,1) i-v fuzzy number. Through this, we get the linear programming in the fuzzy sense. This is stated in theorem 1. In §3.3, we fuzzify a kj and 
Then we have a linear programming in the fuzzy sense. This is stated in theorem 3. In §4, we give an example and §5 we give the discussions.
Interval-Valued Fuzzy Numbers and Ranking
For the purpose to consider fuzzy programming based on interval-valued fuzzy numbers and ranking, we first consider the following: Definition 1 a is called a fuzzy point, if its membership function on R=(-∞, +∞) is
We denote C = (a, b, c; λ). When a = b = c, λ = 1 then (a, a, a; 1) = a is a fuzzy point. 
The family of all level (λ, ρ) i-v fuzzy numbers is defined as following, where 0 < λ ρ 1,
. From eqs. (5) and (6), we get the left and right endpoint of α-cut as following:
. Through operations ⊕ of level λ fuzzy numbers and level ρ fuzzy numbers, we can get the following
From eqs.(9)∼(11), we have the following
with the similarly arguments as [9] , we use signed distance to consider ranking. In order to consider ranking of F IN (λ, ρ) in R, we first consider ranking on R. Definition 6 Let a, 0 ∈ R, we define the signed distance d
. a is at the right of 0 and the distance from 0 is a, when a < 0 , d * (a, 0) = −a < 0, i.e. a is at the left of 0 and the distance from 0 is −a. Therefore, d
* (a, 0) is called the signed distance of a from 0.
The signed distance on F IN (λ, ρ), by definition 6, can be defined by the 
Fig.2 signed distance of i-v fuzzy numbers
We have following one-one onto mapping for each α. When 0 α < λ,
From definition 6, we obtain when 0 α < λ, d
This function is continuous on 0 α < λ with respect to α. It follows that, by integration, we can find the average value.
Similarly, when λ α ρ,
This function is also continuous on λ α ρ with respect to α. By the same reason, through integration, find the average value, λ < ρ.
From eqs. (12)∼ (14) we define the signed distance of A from 0.
By definition 7, we can define the ranking of F IN (λ, ρ) as following:
From linear order property of (R, <, =) and definition 8, we get the following property. 
subject to:
Let
Obvious, L is a closed bounded convex set. Under condition eqs.(16) and (17), monopolist can find out x j , j = 1, 2, · · · , n which maximize the total income Z. This is a crisp linear programming problem. We can use simplex method to find the optimal solution. Suppose that this optimal solution is the production quantity x
The result stays the same. That is to say, in this period, the optimal solutions of the product X j is the quantity x (0) j , j = 1, 2, · · · , n. In a perfect competitive market, the price c j in a plan period may fluctuate a little. We can fuzzify to c j . In this plan period T , the grade of membership of c j is not necessarily equal to 1. We let the grade of membership of c j lie in the interval [λ, 1], 0 < λ < 1, (see Fig.3 ). Set c j to be level (λ,1) i-v fuzzy number, 0 < λ < 1. 
Fuzzy objective function
We denote ( 
(b) Corresponding to (a), by definition 7, 8, 9 we get linear programming in the fuzzy sense as following:
Proof: (a) It follows from eqs. (15), (18) and definition 9.
(b) Since x j 0, j = 1, 2, · · · , n, by property 1, we get
Through definition 7, we obtain
Using definition 8, 9 and putting them to eq. 
where c j x j subject to:
(b) Corresponding to (a), by definition 7, 8, 9 we get the linear programming in the fuzzy sense as
Proof: (b) Using definition 8 and putting into eq.(27), we have d(
From definition 7, we get eq.(30). 
Fuzzy objective function and Fuzzy constraints
Examples
A factory produces automobils and truck. Each requires three processes. The production condition are given in table 1. subject to:
Since the constraints are the same as the crisp case, from Fig.4 , we need only to consider points A,B,C,D where Z * is the maximum. We have x 1 = 500(≡ x 
